Researchers typically examine peer effects by defining the peer group broadly (all classmates, schoolmates, neighbors) because of the lack of friendship information in many data sources as well as to enable the use of plausibly exogenous variation in peer group composition across cohorts in the same school. This paper focuses attention on the effects of friend's health behaviors on own health behaviors for adolescents combining a cross-cohort, within school design with controls for friendship options through high school fixed effects and friendship choices through the use of "friendship type" fixed effects. This strategy allows us to separate the effect of friends behavior on own behavior from the effect of friends observables attributes on behavior, a key aspect of the reflection problem. Our results suggest that friendship network effects are important in determining adolescent tobacco and alcohol use but are over-estimated in specifications that do not fully take into account the endogeneity of friendship selection by 20-30%
Introduction
Individuals in modern societies are socially connected in a multitude of ways. For example, the social networking website Facebook.com has increased its membership by 100 million users in the last eight months (as of July 2009), bringing the total to over 200 million users worldwide. Individuals use their social networks to receive and send information as well as establish, update, and enforce social norms of behavior. Both information acquisition as well as the impacts of social norms within social networks could have large effects on the health behaviors of individuals, particularly adolescents, who are particularly responsive to peer pressure (Brown et al. 1997 ). This heightening of peer influence also takes place during the developmental stage when many of the most costly health outcomes and behaviors are initiated.
This confluence of events during adolescence sets the stage for a critical period of individual decision-making with long-term consequences and also provides a unique window of opportunity for health intervention. While much recent research has shown robust and important correlations in the health behaviors of socially connected individuals, whether the correlations are causal is still largely unknown for many health behaviors. Unlike research on broader peer groups, most work on the effect of friendships and/or the associated networks are identified using information that arises from connections between individuals within broader peer groups assuming that those connections or links are exogenous. .
In this paper, we implement a new method of estimating the causal effects of friendship networks. We build on the large literature suggesting that individuals exhibit strong racial, gender, and age preferences when choosing their friends-likes choose likes (Mayer and Puller 2008, Weinberg 2008) . Specifically, we use unique data from the Add Health, which contains information both on friendship nominations and health behaviors for a national sample of adolescents. The structure of the Add Health data allows us to control for friendship options and friendship choices using school and friendship choice pattern fixed effects, respectively. Following logic similar to Dale and Krueger (2002) , observationally similar individuals who face the same friendship opportunity set must be similar on unobservables if they make similar friendship choices.
The inclusion of fixed effects for friendship choices yield consistent estimates of the effect of behavior under the assumption that behavior differences across similar friendship groups for individuals in the same cluster are unrelated to individual unobservables that influence the behavior. Most significantly, this assumption allows us to separate the influence on individual behavior of friend's behaviors from the influence of the observable attributes of those friends.
We then use the feature of the Add Health that multiple cohorts of students are surveyed in each school in order to enhance our identification strategy. We identify the effect of peer behaviors by comparing individuals in different cohorts at the same school who make similar friendship choices. The assumption that unobservables are uncorrelated with behavior differences across friendship groups is more plausible because, given the strong pattern of within grade friendships, an individual did not have the comparison group's friends as options when forming or reporting their list of friends.
This strategy can be illustrated by the following thought exercise: consider a 9 th grader and 10 th grader who attend the same high school. As we show in detail below, these students face very similar friendship opportunities with respect to racial, gender, and socioeconomic composition of their same-grade classmates. Thus, if we compare two students who choose similar "types" of friends based on race, maternal education, and other demographic characteristics, differences in health behaviors generated by friends' health behaviors is arguably quasi-random. The key is that the age difference between the 9 th grader and the 10 th grader (who attend the same high school and have the same preferences for "types" of friends) has effectively randomized these two students into their actual friendship network. We use these comparisons to estimate the effects of friends' health behaviors on own health behaviors. We find evidence that this strategy produces smaller "network effect" estimates than more standard models; however we still find robust evidence of network effects on smoking and drinking behavior of adolescents.
Background Literature
A large body of research across multiple disciplines has shown very strong correlations in health behaviors for individuals who are socially connected. One reason there has been so much research and policy interest in exploring how networks affect health behaviors and outcomes is the potentially large set of health interventions and policies that could be proposed to leverage social influences on health behaviors. While the promise of using social networks to affect health is compelling, so too are the empirical issues inherent in detecting causal effects of social networks using observational data.
Four difficulties with estimating the causal effects of social networks on health are particularly important (Manski 1993) . First, individuals self-select into their social network; smokers befriend smokers. Second, individuals in the same social network are simultaneously affected by their shared environment; common exposure to a smoking ban likely reduces tobacco use among all members of a social network. Third, it is difficult to separate the influence of an individual's behavior and an individual's attributes in determining the health behaviors of his or her friend. Fourth, social influences are likely reciprocal, which leads to simultaneity bias. Unfortunately, failure to overcome these empirical difficulties casts considerable doubt on the current knowledge base linking the health behaviors among individuals in the same social network. Each of these biases can lead a researcher to incorrectly infer that social networks have a causal influence on behavior. Thus, policies intended to utilize social networks to enhance interventions to reduce unhealthy behaviors could be unable to affect change if social networks do not actually have causal effects. Providing evidence of the causal mechanisms and the likely effects of policies is essential to be able to properly leverage social network effects on health behaviors.
There have been two directions that researchers have taken in estimating peer effects on health behaviors: [1] focus on broadly defined peer groups, such as all classmates in a school, in order to either (a) exploit cross-cohort population variation 1 in classmate composition (Bifulco et al. 2008 , Fletcher in press, 2008 , Trogdon et al. 2008 , Lundburg 2006 , Clark and Loheac 2007 (Troddon et al. 2008 , Christakis and Fowler 2007 , Renna et al. 2008 . In this paper, we seek to combine the more credible research designs from the first literature with the more credible peer group definitions of the second literature.
Since we focus on friendship networks as the definition of peer group in this paper, it is necessary to outline what other researchers have done previously and how our strategy adds to the literature in this area. There have been recent examinations of the effects of social networks on obesity and smoking in the medical literature Fowler 2007, 2008) , where "friends" are measured by the names respondents provide as potential contact sources for future survey waves. In order to control for endogeneity of friendships, Christakis and Fowler assume that including lags of the outcome for both the respondent and his/her friend is sufficient. They also do not control for common environmental factors. Cohen-Cole and Fletcher (2008a) show that adding controls for environmental factors eliminates any detectable social network effects for obesity, and
Cohen- Cole and Fletcher (2008b) show more generally that these parsimonious models will produce social network effects even in outcomes where none exist, such as for height. Renna et al. (2008) and Trodgon et al. (2008) also focus on estimating social contagion in obesity and control for endogeneity of friendship in part by using school fixed effects. However, since friendship sorting occurs both across schools and within schools, school fixed effects likely do not provide a full solution to the endogeneity of friend selection, unless students select friends randomly within schools. Renna et al. (2008) and Trodgon et al. (2008) use instruments for friends' weight, including friends' parents' obesity. Trodgon et al. also uses friends' birth weight. It is unclear whether these instruments are adequate, though, as they are known at the time of friendship selection.
Calvó-Armengol et al. (in press) have extended the literature by using a network fixed effects approach in their examination of peer effect in education outcomes.
Adolescents are assumed to choose among mutually exclusive networks of friends.
Within these networks, their best friends (based on friendship nominations) are used as the peer exposure and network fixed effects are controlled. The assumption with this approach is that adolescents endogenously choose a friendship group, but within that group, actual "best friends" are random.
In this paper, we suggest an alternative approach to estimating friendship network effects, where instead of following previous literature in this area, we build off of a paper whose context is estimating peer effects in higher education. More specifically, we adapt and extend a recent estimation method developed by Dale and Krueger (2002) to use with the social network data from the Add Health. In the original application of the method, Dale and Krueger estimate the effects of exposure to "high ability" peers in college on an individual's own performance during college. As outlined above, a critical empirical difficulty is modeling the fact that college selection (and thus peer selection) is not random, but instead a choice of the student. Dale and Krueger use a large survey of college students that contains information on the submitted applications as well as the application decisions (options and choices) of the students and colleges. With this information the authors are able to compare the college outcomes of students who applied to and were accepted into the same types of colleges. As these students are likely quite similar in both observable characteristics such as SAT scores as well as unobservable characteristics such as motivation, a comparison between two students with similar college application and college acceptance patterns should reduce the selection bias in the estimates.
Importantly, in this particular application, Dale and Krueger found that the "social network effect" that is typically estimated in models that do not adequately control for selection into peer groups was completely eliminated using this procedure. This finding has important implications for both our knowledge of the determinants of college achievement as well as whether policies that increase achievement in college of one group will likely spillover to others who are socially connected. We will adapt the intuition behind this approach to: (1) focus on health behaviors rather than education spillovers, and to (2) focus on friendship networks rather than cohort networks.
Specifically, conditioning on school and an individuals observable attributes assures that we are comparing observationally similar individuals facing similar friendship opportunities, and if those similar individuals make the same friendship choices then it is unlikely that there are substantial differences between them on unobservables. Further, we will extend the methodology to include a more credible source of exogenous variation by including a cross-cohort research design.
Friendship Data
In order to accomplish our research goals, we use the only available national dataset containing rich friendship network information as well as health behaviors, the National Longitudinal Study of Adolescent Health (Add Health). The Add Health is a school-based, longitudinal study of the health-related behaviors of adolescents and their outcomes in young adulthood. In short, the study contains an in-school questionnaire administered to a nationally representative sample of students in grades 7 through 12 in 1994-95 and three in-home surveys that focus on a subsample of students in 1995 (Wave 1), and approximately one year (Wave 2) and then six years later (Wave 3). The fourth wave of the survey should be available for analysis later this year. The study began by using a clustered sampling design to ensure that the 80 high schools and 52 middle schools selected were representative of US schools with respect to region of country, urbanicity, size, type, and ethnicity. Eligible high schools included an 11th grade and enrolled more than 30 students. More than 70 percent of the originally sampled high schools participated. Each school that declined to participate was replaced by a school within the stratum.
For this paper, we focus on the In-School data collection, which utilized a selfadministered instrument to more than 90,000 students in grades 7 through 12 in a 45-to 60-minute class period between September 1994 and April 1995. The questionnaire focused on topics including socio-demographic characteristics, family background, health status, risk behaviors, and friendship nominations. In particular, each student respondent was asked to identify up to 10 friends (5 males, 5 females) from the school's roster.
Based on these nominations, social networks within each school can be constructed and characterized, linking the health behaviors of socially connected individuals.
Of the nearly 90,000 students in the schools originally surveyed, several reductions in the sample size were made in order to construct the analysis sample. First, nearly 4,500 students did not have individual identification numbers assigned. Nearly 12,000 students did not nominate any friends and 5,000 individuals nominated friends who were not able to be linked with other respondents due to nominations based on incomplete information ("nicknames" rather than names, or the nominated friend did not appear on the Add Heath school roster, etc.) These issues reduced the sample to approximately 68,000 respondents. In Appendix 1A, we examine the correlates of the individual dropped from the same for these reasons. [To do] In this paper, our main focus is on individuals with same-sex/same-grade level friends, which reduces the sample to approximately 58,000 students. One reason to focus on same-sex friends is that romantic relationships may be nominated as "friends". In addition, most previous studies of friendship networks also limit the network definition to same-sex friends. We limit our analysis to same-grade friends in order to use cross-cohort (grade) variation in friendship opportunities and choices, as we describe below. While our main focus is on same-sex friendship networks, we also present some evidence of opposite sex friendship networks to examine potential heterogeneity of effects and extend the literature in this direction. In order to retain sample size, we impute missing covariates, such as maternal education, and control for missingness, but we do not impute missing outcomes. Table 1 presents descriptive statistics of the analysis sample and shows that approximately 34% of the sample reports smoking and 54% of the sample reports drinking alcohol. The average adolescent nominates 2.4 same-sex friends. In Appendix Table 2A , we stratify the descriptive statistics by race/ethnicity. As noted by other research, there is considerable variation in the composition of friendship networks; 84% of friend nominations by white students are to white students, though only 9% of friend nominations by black students are to white students, for example. We also show that the range of friendship network health behaviors includes individuals who have no smoking/drinking friends through individuals who have all smoking/drinking friends. In Table 2 we present the distribution of friends' health behaviors in the data.
Identification Strategy
In this paper, we seek to estimate the causal effects of friends' health behaviors by overcoming the many empirical obstacles we outline above, including selection into networks, unobserved determinants of behaviors, and the joint determination of outcomes within a network. The intuition behind our approach is that we seek to form comparison groups based on information in the data that describes the friendship options of students as well as the students' choices of friends (given these options) following the premise that individuals who make similar decisions or have similar outcomes when facing the same set of options likely are very similar on both observable and unobservable attributes.
More specifically, we propose to begin our analysis by considering the following empirical model: Our strategy sorts students into clusters c based on comparing similar students who faced similar friendship options and made similar friendship choices. This sorting is based on observable (to the researcher) and unobservable characteristics. Therefore, as 3 For example, if one observes clustering of criminal behavior among friends whose parents have less education, even after controlling for all possible individual and environmental factors that might explain such clustering available in the data, we still cannot conclusively determine whether the clustering is caused because having friends whose parents have less education contributes to criminal behavior or individuals whose parents have less education are more likely to engage in criminal behavior and such criminal behavior influences the behavior of the individual's friends. See Durlauf (2001, 2006) for recent methodological progress on this problem. 4 As noted by Sacerdote (2001) and , when social network effects are determined in part by unobservable characteristics, even random assignment cannot solve this identification problem. While random assignment breaks the correlation between the health behavior of j and i's unobservable characteristics, the coefficient estimate on the behavior of j is a composite of both the direct effect of peer's behaviors and the effect of peers' unobservable characteristics.
argued by Dale and Krueger, the inclusion of fixed effects for such clusters should assure that we are comparing students who are similar on both observables and unobservables, which, critically, breaks the correlation between peers' behaviors and a student's unobservable characteristics. Further, since all students in a cluster should have similar observable characteristics, the inclusion of the fixed effect also captures the observables associated with the students' peers while allowing effect of behavioral differences within cluster to identify the effect on friend behavior on individual behavior. This feature of the approach solves the empirical problem outlined above and isolates the causal effect of student behaviors on the behavior of their friends.
Specifically, define a cluster of individuals c i in the same school who are observationally similar on observables and choose similar friends based on observables.
This structure implies that
where i and k belong to the same cluster c and l are friends of individual k. Based on selection of friends and the assumption that idiosyncratic factors driving differences in friendship choices within clusters are not correlated with behavior,
The resulting specification is ist ic jst ist health health
Empirical Specification
In creating the friendship clusters, we consider two approaches for matching sets of students who had similar options for friendships: (1) make comparisons within school, and (2) make comparisons across schools for cohorts that have similar sociodemographic composition. While (1) provides the cleanest control for friendship options, relaxing this restriction to compare students in similar schools will allow us to be more restrictive in defining observationally similar individuals and friendship choices. In this draft, we focus on (1).
As there is evidence that adolescents have strong preferences to befriend classmates based on age, gender, and race (Mayer and Puller 2008; Weinberg 2008), we will begin our analysis by flexibly controlling for these decisions in terms of friendship composition, as well as friendship options when looking across schools. In particular, in order to implement our approach, we begin by limiting friends to same-sex/same-grade nominations. In Appendix Table 3A , we present descriptive regression results that show the associations between nominating no same-sex/same grade friends for individuals that send nominations. The likelihood increases by grade is smaller for more advantaged students. We find that the proportion of smokers in the grade (potential friends) is not related these nomination patterns, however, individuals with drinking grademates are slightly more likely to nominate same-grade/same-gender friends (a 10 point increase in grademates drinking is associated with a 1 percentage point increase in the probability).
Next we must create our "individual type"-"friendship type clusters." Given a limited sample, there is clearly a trade-off between how restrictive we make our definitions of observationally similar individuals and of same friendship types. Our initial exploratory analysis has placed most of the weight on very specific "friendshiptype" clusters. These clusters are based on the following exogenous characteristics of chosen friends, including (1) race (black vs. Hispanic vs. white vs. Asian vs. other) (2) maternal education (no college vs. some college vs. college graduate) (3) family structure (living with mother vs. not living with mother) and (4) nativity (native vs. foreign born).
Specifically, the number of friends chosen from each characteristic is used in the cluster.
Importantly, our clusters are quite flexibly created, such that an individual who chooses five black friends is in a different cluster than an individual who chooses four black friends. 5 In yet another refinement of our cluster approach, in some analyses we also include grade levels within the clusters, so that 7 th and 8 th graders are compared to each other (and 9 th /10 th and 11 th /12 th ) in order to move closer to the thought experiment outlined earlier.
Assuming a rich structure of clusters, as outlined above, will create single clusters of students-those students who have "unusual" friendship preferences. These single clusters will, implicitly, not contribute to the identification to the network effects 5 As an example, friendship cluster 15 could be created based on nominating four friends such that: friend A is white, has a college educated mother, lives with his mother, and is native born; friend B is white, has a mother with some college, lives with his mother ,and is native born; friend C is white, has a college educated mother, lives with his mother, and is foreign born; friend D is black, has a college educated mother, lives with mother, and is native born. Cluster 16 could be identical except the individual nominated four white friends instead of three white friends and one black friend; Cluster 17 could be identical to cluster 15 except all the nominated friends are native born.
estimates, as there will be no within-cluster variation to exploit. In Appendix Table 4A, we examine the predictors of being placed in a single cluster. In columns 1-4, we examine the basic clusters and columns 5-8 examine the within-school-cohort clusters.
Asian students are 12 percentage points more likely to be placed in a single cluster, likely because they are more likely to nominate a large number of same-race friends; this limits the availability of other students with similar preferences in the data. Interestingly maternal education and caring index is not related to placement in a single cluster. We also find very small relations between smoking and drinking status and placement in a single cluster.
Naturally, the approach of using friendship cluster fixed effects as a solution to many of the empirical issues in estimating social network effects requires stronger assumptions than random assignment, but this strategy provides a significant payoff by potentially providing estimates of the effect of peer behaviors on individual behaviors that are not contaminated by the influence of individual unobservables or by the direct influence of peer observable characteristics.
Before presenting the main empirical results, we first outline supporting evidence for our approach by exploring friendship options and friendship choices in the data. In particular, we first show that, within high schools, friendship options are quite constrained across cohorts. This is evidence consistent with our notion of quasirandomization of individuals to potential friends occurring based on the age of the respondent, which places them into grade-levels within schools. We then show evidence of the endogeneity of friendship in the data and suggestive evidence of the extent our approach reduces this endogeneity.
Evidence of Variation in Friendship Options
As we outline above, we are able to extend our empirical analysis by combining the friendship cluster design of "matching on options and choices" approach with the unique design of our data. That is, the data contains multiple cohorts within each surveyed high school, which allows an additional source of variation to be utilized in our analysis. For example, we can combine our basic approach with the use of cross-cohort, within-school variation and in doing so are able to compare students who face similar friendship options (are in the same school) and make similar friendship choices. This extension relies heavily on the assumption that individuals who attend the same school, but different grades, have essentially the same "types" of friendship options.
To what extent do students in the same school face similar friendship options?
Using the Add Health data, we show below in Table 3 that controlling for school and grade effects can predict over 95% of the variation in racial composition of potential friends (classmates) in the data. Likewise, controlling for school and grade predicts 93% of the variation in peers' maternal education level and 96% of the variation in classmate nativity. These findings suggest that students in different grades but who attend the same school have very similar friendship options based on race and family background of peers.
However, fortunately for our strategy, there is substantially more variation across cohort, within schools in unhealthy behaviors. Using the same regression analysis, our data show that we only predict 77% of peer smoking rates, 76% of exercise rates, and 81% of peer drinking rates. Thus, these results suggest that there is substantial variation in exposure to health behaviors of potential friends (classmates) even within school, while at the same time the friendship options based on race, maternal education, and nativity is nearly identical for students across grades within the same school. We use these features of our data to make comparisons within schools-students who face similar environments and make similar friendship choices but have different unhealthy behavior outcomes. 6 As discussed, an illustration of our combined methodology is that we can compare two students who attend the same high school and each selected five African American, male friends in their same grade. This indicates that these two students faced similar friendship choices and also selected similar friends, given these choices. The difference between these two individuals who seem to have very similar preferences for friends is that one individual is in the 9 th grade (and thus selects 9 th grade friends) and the second student is in 10 th grade in the same school (and thus selects 10 th grade friends). We therefore leverage the fact that age has determined whether each student is in 9 th or 10 th grade in this specific school, and we argue that this "quasi-experiment" allows us to use the 9 th grader as a counterfactual to the 10 th grader when examining whether health behaviors of friends ( ) impacts own-health behavior outcomes ( ). Thus, we use these two students as the counterfactual for what would have happened had they been in a different grade in the same school, and thus had a different set of friends. We argue that this comparison technique addresses two of the empirical difficulties with estimating causal social network effects: selection of network members (friends) and unobserved causal factors. We address these difficulties by comparison individuals in the same environment (same school) and who, but for their assignments to different grade levels, would have chosen the same friends (randomization based on age). 
Evidence of Friendship Selection
The estimation approach we outline has been effectively and convincingly applied in the context of selection into higher education (Dale and Krueger 2002), as discussed above. Further, we can partially test the validity of the approach by examining whether students seem to be sorting into specific friendship patterns within our friendship clusters.
Specifically, we recognize that given limited data our student friendship clusters will not perfectly control for student attributes. Thus, we test whether a student's own observable attributes correlate with the attributes of their friends within student clusters. In Table 4 , we present evidence from these diagnostic tests. Each set of rows examines the correlation between a different "outcome" (individual-level characteristic) and friend's characteristics. Columns add controls from left to right. The first column and row shows the correlation between whether an individual is of Hispanic ethnicity (vs non-Hispanic) and the average of his or her friends' maternal education levels (-0.03).
Column 2 controls for school fixed effects and reduces the coefficient by 1/3. Column 3 uses friendship cluster fixed effects rather than school fixed effects and reduces the coefficient from column 1 by over two-thirds. Column 4 includes school fixed effects as well as cluster fixed effects and shows that cluster fixed effects reduce the correlation considerably. Column 5 controls for school X cluster fixed effects and reduces the coefficient to 1/10 th the size of the baseline regression. Column 6 adds "cohorts" to the clusters so that 7 th /8 th , 9 th /10 th , and 11 th /12 th graders are compared. Finally, column 7 adds individual characteristics to the cluster, including white race and whether the student's mother graduated from college.
The second row of coefficients in Table 4 examines the correlation between white race (vs. non-white) and the average maternal education level of selected friends and
shows similar results to Row 1. Row 3 examines the correlation between a measure of maternal caring for the respondent and the average maternal education level of friends.
Moving across the columns, as before, the coefficient is reduced by 80% and become statistically insignificant as we control for friendship options and choices. In Row 4, we examine the correlation between own-maternal education and the average maternal education of friends. Here, the correlation is quite high-0.33-in the baseline specifications. As we add school X cluster fixed effects in column 5, the coefficients is reduced by more than two-thirds, but is still statistically significant. This suggests some violation of the quasi-experimental design for these clusters, as even within schoolcohort-cluster groups, individuals with more highly educated mothers choose friends with (slightly) more high educated mothers. Finally, we include individual characteristics in the clusters definitions, and the correlation between own and friends' maternal education falls to 0.014 and is not statistically significant. In Row 5, we examine the correlation between a variable completely outside of our cluster definition-maternal caring. Again, we find that individuals with caring mothers are more likely to have friends with caring mothers. However, as we add cluster fixed effects in the final column, this correlation is reduced over 50% and is no longer statistically significant. These results are consistent with the validity of our research design.
In a second set of balancing tests (Table 4B) , we examine the correlations between individual characteristics and friends' health behaviors in order to further assess our ability to control for observables and unobservables in our estimation strategy. In the first row, we show that maternal education is highly associated with friends' drinking behaviors. However, when we control for clustering, the coefficient is reduced by 90%
and is no longer statistically significant. In row 2, we find similar evidence from the correlation between maternal education and friends' smoking behaviors. This is suggestive evidence that our cluster controls are reducing endogeneity bias associated with students choosing their friends. Table 5 presents estimates for adolescent smoking where same-sex/same-grade friends are used to define the friendship network. In Column 1, the baseline results suggest that increasing the share of friends who smoke by 10 percentage points would increase own-smoking by nearly 3.9 percentage points. Following previous research on smoking (Fletcher in press), we find that black students smoke less than white students, as do students with more highly educated mothers. We also show a steep rise in smoking at the transition between middle school and high school and then a plateau during high school.
Results

Same-Sex Friends
In Column 2, we follow some previous literature and control for high school fixed effects; however this only reduces the coefficient from 0.0388 to 0.0368 for friends'
smoking. In Column 3 we do not use school fixed effects, but instead use friendship cluster fixed effects. As discussed above, we create cluster fixed effects based on several aspects of the respondent's friendship nomination patterns, including (a) number of nominations (b) race of nominated friends (white vs. black vs Hispanic vs. Asian vs.
other race), maternal education of nominated friends (college graduate vs. non college graduate), whether friend is native born, and whether friend lives with his/her mother.
We choose these characteristics in part because they are exogenous characteristics of potential friends and several have been shown to be important predictors of friendships in other research (Mayer and Puller 2008, Marmaros and Sacerdote 2006) . Altogether, this choice of cluster variables creates nearly 3,000 friendship clusters for the analysis. In addition, since we focus on same-sex/same-grade friendships, we are also implicitly using gender in the friendship clusters since we control for them in the analysis. It is important to also note that respondents are exactly matched based on these friendship choices in the analysis. With the inclusion of cluster fixed effects, the coefficient estimate mirrors that of the school fixed effects results (column 1 vs. column 3) from 0.039 to 0.037.
When we control for both school fixed effects and cluster fixed effects in Column 4, we get an estimate that implies increasing the proportion of friends who smoke by 10 points will increase own-smoking by 3.5 percentage points. In column five we control for school X cluster fixed effects, which results in an estimate of 3.1 percentage points.
Finally, we limit the comparisons to those in adjacent grades (7/8, 9/10, 11/12) and estimate a 2.99 percentage point increase from a 10 point increase in smoking peers.
Overall, we see a 23% reduction in the baseline estimate with our inclusion of friendship type fixed effects. Table 6 examines drinking behaviors. Baseline results in column 1 suggest that a 10 percentage point increase in friends' drinking is associated with a 3.3 percentage point increase in own-drinking. Like the results for smoking, school fixed effects (added in column 2) reduce this association by a modest amount. Using the same cluster definition as in smoking, the results using friendship-cluster fixed effects (but not school fixed effects) in column 3 the coefficient is reduced slightly, suggesting that increasing friends' drinking by 10 points will increase own drinking by 3.2 percentage points. In column 4
we control for both school and friendship cluster fixed effects. The results suggest that increasing friends' drinking by 10 points increases own drinking by 2.9 percentage points. In column 5, we control school X cluster fixed effects, which lowers the coefficient to 2.6 percentage points, and in column 6 we add cohort comparisons, which reduces the coefficient to 2.4 and is our preferred estimate. The reduction in the estimate effect across columns is over 26%. These results suggest important effects of friends' unhealthy behaviors on own-choices and also show that previous research likely produced inflated estimates of these effects.
In Table 7 , we examine gender and racial differences in the effects of same-sex friends. Results for both smoking and drinking suggest that the baseline social network effects are 1/3 higher for females than males. Interestingly, the gender gap shrinks considerably once controls are added. This is suggestive evidence that rather than females being more susceptible to peer pressure/social network effects, there is higher selection into friendships for females than males based on health behaviors. For the racially stratified results, we find evidence of larger social network effects for whitesthe differentials are largely unaffected after we include our cluster fixed effects.
Opposite Sex Friends
We next extend our analysis to focus on opposite-sex friends. The effects are likely a combination of the influence of opposite sex friends as well as romantic partners, but represent a contribution to the literature because most studies focus on same-sex friends.
The results in Table 8 suggest smaller influences from opposite-sex friends-a 10 point increase in friends' smoking is associated with a 2.3 percentage point increase in the likelihood of own-smoking. After controlling for "friendship types and options", the effect is reducted by 13% to a 2 percentage point increase. In Table 9 , we estimate the effect of increasing friends' drinking by 10 points is associated with an increase of 2.1 percentage points in own-drinking. The effect is reduced by over 20% when controls are included. In Table 10 , we examine the effects by gender and race. We find no evidence of differential effects by gender. The results by race suggests larger friendship network effects for white students and little evidence of effects for black students after including controls.
Non-linear Effects
In Table 11 , we examine the evidence of non-linear social network effects, first with the addition of a squared peer behavior term and then we break the effect into categories based on the proportion of friends who smoke or drink. In column 1, we find evidence that the peer effect for smoking is large and increasing, however adding cluster fixed effects in column 2 eliminates the statistical significance of the squared term. In column 4 we break the categories of peer influence into: 0% (omitted category), 1%-49%, 50%, 51%-99%, and 100%. The results for smoking suggest close to a linear effect. For drinking behaviors, we find somewhat similar results. The squared peer term is statistically significant in the baseline results but not after controlling for clusters.
However, in the categories of peer influence we find some suggestive evidence that the effects of peers drinking my only be operative when 50% or more of a student's friends drink.
Empirical Extension
Although not included in this draft, we plan on extending the methods in this paper in several directions. One of which is the method by which we force comparison within school, across cohorts. Rather than removing school fixed effects via a general mean differencing, which then compares all student outcomes in a school based on an average baseline for the school, we will calculate unique means for differencing from student information in each grade where the mean is based on all students in a friendship pattern cluster that are not in that particular grade. Further, this differences process also addresses a bias that arises in fixed effects models with a small numbers of students in each cluster. As noted in previous research (Bayer, Ross, and Topa 2008) , leaving an individual in their own cluster for mean differencing creates a positive correlation between the fixed effect and the individual's idiosyncratic error, but dropping the individual creates a negative correlation because the cluster mean is no longer a random sample. By differencing based on students in a cluster from other grades, the mean is based on a random sample of students from those grades and yet is not correlated with the student's idiosyncratic error.
Conclusions
While researchers typically examine peer effects by defining the peer group broadly, this paper focuses attention on actual friends and implements a new research design to study the effects of friend's health behaviors on own health behaviors for adolescents. The main idea is to combine a cross-cohort, within school design with controls for friendship options through high school fixed effects and friendship choices through the use of "friendship type" fixed effects. We show that in the Add Health data used in this paper, there is evidence that our design is successful in narrowing down relevant comparison groups by controlling for the friendship choices and friendship options of adolescents. While our methodology is able to overcome a number of difficult issues in the estimation of social network effects in order to identify social interactions in health behaviors, it is not without limitations. One such limitation is that we have yet to identify the direction of the causation within a cluster of students-which students in the cluster were the likely initiator of certain health behaviors, and which students were influenced by that behavior? We also need to assess robustness of the results to different definitions of friendship clusters.
Overall, our results suggest that friendship network effects are important in determining adolescent tobacco and alcohol use but are over-estimated in specifications that do not fully take into account the endogeneity of friendship selection by 20-30%, and we also find evidence that gender differences in social network effects are explained by selection bias. We present new evidence of the effects of opposite sex friends on health behaviors and also find racial differences in friendship network effects.
Network Working Paper, 2008 
